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Background: Studies looking at the association between perceived risk and simultaneous use of alcohol and
marijuana are scarce. The present study has three purposes: (1) to examine the association between alcohol
and marijuana use at the daily level; (2) to document how this association varies by the perceived risk of
using alcohol and marijuana simultaneously; (3) to test whether the association varies by college attendance.
Methods: 89 young adults (Mean Age= 18.3 years, SD=0.5) participated between October 2012 andMay 2013.
Participants completed a 30-min survey followed by 14 brief daily surveys in each of three waves.
Results: Alcohol use on a given day was associated with increased odds of marijuana use that day, especially
among young adults with lower perceived risk. For college students, the association between alcohol and mari-
juana was weaker than for non-students.
Conclusions: Alcohol and marijuana use were associated at a daily level, especially among young adults with
lower perceived risk and those who were not attending college.© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
A recent comprehensive review summarizing marijuana's negative
health effects highlights particular risks for adolescents and young
adults (Volkow et al., 2014). Marijuana use in adolescence can be detri-
mental for the functional connectivity of the brain (Zalesky et al., 2012),
and frequent consumption can lead to a decline in IQ (Meier et al.,
2012). Early marijuana use has been linked to poor school performance
and a higher risk of dropping out of school (Bray et al., 2000; Lynskey
and Hall, 2000). The risk of motor vehicle accidents is also greater
when people drive under the inﬂuence of marijuana, and this risk is
accentuated for those under the age of 21 and when marijuana and
alcohol are used in combination (Peck et al., 2008).
1.1. Concurrent alcohol and marijuana use
Previous research has found that marijuana use is associated with
underage alcohol use and binge drinking (Donovan et al., 1999;
Patrick and Schulenberg, 2010; Patrick et al., 2013). In young adults
and college students, alcohol use has also been linked to drug use. For
example, in a study of college students, almost all of the past 30-day
marijuana users reported having used other substances, including alco-
hol and tobacco (Mohler-Kuo et al., 2003). However, themajority of this. This is an open access article underresearch documents these associations between people; that is, people
who use alcohol also tend to use marijuana. These between-person
studies do not capture whether alcohol and marijuana are used at the
same time, which has important implications for overlapping effects
and consequences.
Less is known about the extent towhich using alcohol on a given day
may predict using marijuana that day. In a study using daily surveys of
ﬁrst-year college students, alcohol use on a given day had a positive
but non-signiﬁcant effect on illegal drug use that day (Neal and
Fromme, 2007). Previous research has not yet examined the link
between alcohol use and marijuana use among a more general sample
of young adults both attending and not attending college.
1.2. Perceived risk
Perceived risk plays an important role in substance use. As part of
the transition to adulthood and the identity formation process, experi-
mentation is common among some people (Dworkin, 2005). However,
the degree of experimentation with different substances can vary de-
pending on the perceived risk by the users. Perceived risk among
young adults has been associated with trajectories of marijuana use
(Bachman et al., 1988) and cocaine use (Bachman et al., 1990).
Additionally, an inverse correlation betweenmarijuana use and the per-
ception of its risk among adolescents has been observed for the most
part of the last four decades (Johnston et al., 2014; Volkow et al.,
2014). Very little is known regarding the perceived risks associatedthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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of simultaneous use may be associated with using both substances on
the same day.1.3. College attendance
It has been well documented that the transition out of high school is
a critical period for young adults that involves changes in responsibili-
ties and social environments (Newcomb and Bentler, 1987). In many
ways, including substance use, this transition is different for college stu-
dents than for non-students. Using data from ﬁve different sources,
O'Malley and Johnston (2002) concluded that the use of alcohol but
not marijuana was higher among college students than among non-
students. Therefore, college attendance will be examined as a modera-
tor in the current study.1.4. The current study
The present study uses daily survey data which allow for the inves-
tigation of the combined use of alcohol andmarijuana on a given day. In
addition, the study also includes ameasure of the perceived risk of using
alcohol and marijuana simultaneously.
The aim of this study is to understand the consumption of alcohol
and marijuana among young adults, and the role that perceived risk
plays in this use. Speciﬁcally, we examined three research questions:
(RQ1) Does alcohol use on a given day predict marijuana use on the
same day? (RQ2) Is this association moderated by perceived risk of
simultaneous alcohol and marijuana use? (RQ3) Is this association
moderated by college attendance?2. Methods
2.1. Procedure
During the spring of 2012, 12th graders from three high schools
(rural, suburban, and urban) in the Midwest were recruited to partici-
pate in a baseline survey (see also Grifﬁn and Patrick, 2014). Out of
440 eligible students, 318 (72.3%) completed the baseline survey, of
whom 300 (94.3%) provided their contact information for follow-up.
Of the 300 students, about two-thirds (N = 202) were randomized
into an intensive measurement group (IMG). In October 2012 (wave
1), January 2013 (wave 2), and May 2013 (wave 3) young adults in
the IMG received a 30-min web survey followed by 14 consecutive
web-based daily surveys. For each of the 14 daily surveys, partici-
pants were sent a link to a questionnaire about the previous day,
(e.g., “This survey is about Thursday from the time you woke up
until you went to sleep”). At the end of the study, each participant
could have amaximum of 42 daily surveys (3-waves × 14-days). Par-
ticipants who were under age 18 were not invited to participate in
the follow-up surveys until they turned 18. Participants provided in-
formed consent once they turned 18; all procedures were approved
by the IRB.
The response rates were: 87 out of 193 (45.1%) eligible respondents
for wave 1, 70 out of 201 (34.8%) for wave 2, and 69 out of 202 (34.2%)
for wave 3. The mean number of completed daily surveys ranged from
6.36 (SD = 6.15) to 8.20 (SD = 5.50) within waves. Across all waves
48.3% of participants completed at least half (i.e., 21) of the daily
surveys.
Attrition analysis indicated that participants in the current analysis
did not signiﬁcantly differ from attriters based on gender, age, alcohol
use, marijuana use, or perceived risk of alcohol or marijuana. Attriters
were more likely than participants to be Black, have parents who did
not attend college, and attend an urban high school.2.2. Participants
For the current analysis, data from 89 participants who completed at
least one follow-upwave and at least one daily survey were used. Of 89
participants in this study, 38.2% were male, 78.8% were White, and
70.8% had a parent with at least some college education. The average
age at baseline was 18.3 years (SD= 0.5, range = 17.6 to 20.1). About
half (46.1%) were enrolled full-time in a four-year college during at
least one of the waves.2.3. Measures
2.3.1. Level 1 (daily level)
Marijuana use indicates whether participants used marijuana or
hashish each day (0 = no, 1 = yes).
Number of drinks indicates the number of alcoholic drinks consumed
each day, on a scale from 1 drink to 25 or more drinks. For participants
not drinking on a given day, this variable was coded as 0.
Weekend dayswere coded as Thursday, Friday, or Saturday, based on
research regarding substance use patterns among young adults (Del
Boca et al., 2004; Maggs et al., 2011).2.3.2. Level 2 (wave level)
Wave numberwas coded as 0 (Wave 1), 1 (Wave 2), and 2 (Wave 3).
Wave-level mean number of drinkswas constructed by averaging the
number of drinks within each wave.2.3.3. Level 3 (person level)
College status was a time-invariant variable created using informa-
tion from the threewave questionnaires, due to lack of variability across
waves. Participants were coded as full-time 4-year college students
(1) if they indicated that they were attending a 4-year college as a
full-time student at any wave; all others were coded as non-students
(0).
Perceived riskwas measured with the question, “How much do you
think people risk harming themselves (physically or in other ways) if
they use alcohol and marijuana at the same time, so their effects over-
lap?” Response options included: (1) no risk, (2) slight risk, (3) moder-
ate risk, (4) great risk. Perceived risk was used as a time-invariant
variable (i.e., the mean of responses from the three waves for each
person) because there was not enough variability to be modeled at
the wave-level.
Person mean number of drinkswas created by averaging the number
of drinks across all available days.
Demographic variables included gender (female [reference group],
male), race/ethnicity (White [reference], non-White), and parent edu-
cation (parent[s] did not attend college [reference], parent[s] attended
at least some college).2.4. Data analysis plan
To model the nested structure of the data (i.e., daily surveys at level
1, nested within waves at level 2, nested within persons at level 3), a
three-level multilevel model (Raudenbush and Bryk, 2002; Snidjers
and Bosker, 1994) was used. A Bernoulli distribution with over-
dispersionwas employed tomodel the dichotomous outcome (marijua-
na use). The level-3 variables measuring perceived risk and number of
drinks were grand-mean centered; the level-2 variable number of
drinks was group-mean centered. All analyses were run in HLM 7.0
(Raudenbush et al., 2011) using full penalized quasilikelihood (PQL) es-
timation. The simple slopes method was used to probe the signiﬁcant
interactions (Bauer & Curran, 2005; Preacher, Bauer, & Curran, 2006).
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3.1. Preliminary analysis
The intraclass correlation coefﬁcient (ICC) indicated that 72.3% of the
variation in marijuana use was person-level variation (level 3), 26.4%
was wave-level (level 2), and 1.3% was daily-level (level 1).
3.2. Multilevel models
Table 1 shows the results of the multilevel model predicting mari-
juana use. At level 3, greater perceived risk of the simultaneous use of
marijuana and alcohol was signiﬁcantly associated with lower odds of
marijuana use. Gender, race, parent education, college status, and
person mean number of drinks were not signiﬁcantly associated with
marijuana use.
At level 2, wave number and mean wave-level number of drinks
were not signiﬁcant predictors of marijuana use on a given day.
At level 1, the interaction between weekend days and college status
was signiﬁcant, where non-students had lower odds of consuming
marijuana on weekends (OR = 0.47, p b .001) and students had a
non-signiﬁcant trend of higher odds of consuming marijuana on week-
ends (OR = 1.37, p = .37). With respect to RQ1, the odds of using
marijuana increased when participants reported consuming a greater
number of drinks that day. With respect to RQ2, perceived risk moder-
ated this association. Speciﬁcally, the association between alcohol use
and marijuana use at the daily level was signiﬁcantly stronger among
individuals with lower levels of perceived risk (OR = 1.63, p b .001).
With respect to RQ3, college status also moderated the association
between alcohol and marijuana use. The association between alcohol
use andmarijuana use at the daily level was stronger among individuals
who were not in college (OR= 1.43, p b .001).
4. Discussion
Our ﬁndings suggest that alcohol use predicts marijuana use at the
daily level. This expands existing work based on between-person ﬁnd-
ings. For participants reporting a lower perceived risk of the combined
use of alcohol and marijuana, this association was stronger. That is,
young adults who perceived simultaneous alcohol and marijuana use
as less riskyweremore likely to usemarijuana on days they had a great-
er number of drinks, compared to people who perceived simultaneousTable 1
Perceived risk predicting marijuana use on a given day.
Marijuana use
Odds ratio (OR) Conﬁdence interval (CI)
Level 3: Person-level (89 subjects)
Intercept 0.022⁎ [0.002,0.241]
Male gender 0.152 [0.017,1.366]
White race 0.387 [0.041,3.640]
Parent college education 0.585 [0.062,5.522]
4-year full-time college 0.411 [0.057,2.945]
Perceived risk 0.231⁎ [0.068,0.782]
Person mean number of drinks 3.051 [0.919,10.126]
Level 2: wave level (3 time points)
Wave number 0.855 [0.415,1.773]
Wave-level mean number of drinks 1.473 [0.453,4.792]
Level 1: daily-level (42 diaries)
Weekend 0.470⁎⁎ [0.322,0.688]
4-year full-time college 2.899⁎⁎ [1.653,5.087]
Number of drinks 1.433⁎⁎ [1.282,1.603]
Perceived risk 0.705⁎ [0.612,0.812]
4-year full-time college 0.833⁎ [0.704,0.985]
Note. The indented columns under the “Weekend” and “Number of drinks” predictors for
level 1 represent interaction effects.
⁎ p b .05.
⁎⁎ p b .001.alcohol andmarijuana use to be riskier. This expands previous research
documenting that the perceived risk of marijuana use plays an impor-
tant role in substance use (Bachman et al., 1988; Dworkin, 2005).
Special attention should be paid to young adults who perceive the
combined use of alcohol and marijuana as having a low risk.
With respect to differences based on college attendance, non-
students were more likely to use marijuana on days they consumed a
greater number of drinks and more likely to use marijuana on week-
days, compared to college students. This suggests that young adults
who are not in college may have particular risks for substance use that
should be addressed.
Limitations of this study include attrition and the fact that partici-
pants were sampled from a small number of high schools. Future re-
search could extend this work to follow adolescents for longer periods
of time and to include older participants as substance use reaches
peak levels in young adulthood.
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